ABSTRACT -Many folk remedies used since prehistoric times have depended upon salicylates for their effect. One hundred years ago aspirin was formulated from salicylic and acetic acids. It was the first drug to be synthesised and its formulation is regarded as the foundation of the modern pharmaceutical industry.
The medicinal use of salicylates
Salicylates are widely distributed in plants and many herbal remedies probably depend for their effect on the presence of a salicylate. Around 400 BCE Hippocrates recommended a brew of leaves from the willow tree (Cortex salicis), a rich source of salicylates, for the relief of pain in childbirth.
The attention of chemists seems to have been first drawn to salicylates after the Reverend Edward Stone of Chipping Norton wrote, in 1763, to the President of the Royal Society in London, the most prestigious scientific body in the world at that time 1 . In common with many physicians, Stone believed in the so-called Doctrine of Signatures, namely that alongside many maladies providence had provided the means for their cure. He was therefore attracted to the willow tree because it flourishes in moist and wet soils and it was in such situations that fevers were then common. Stone reported how he had used increasing doses of a powder prepared from the bark of the common white willow tree, dried 'upon the outside of a baker's oven for more than three months' . He described the effective treatment with this powder of 'fever in over 50 patients suffering from various agues'.
Salicylic acid seems to have been first synthesised from carbolic acid around 1859 by a German chemist and it came to be widely used for the relief of pain and fever. Because of its irritant action on the stomach, efforts were then made by chemists to find a form or a derivative of salicylic acid which could be better tolerated. In 1897 Felix Hoffman, a chemist working in a laboratory owned by Friedrich Bayer in Elberfeld, Germany, and stimulated by earlier work on acetylation, formulated a pure and stable form of acetyl salicylic acid simply by mixing acetic and salicylic acids 2 . Hoffman was motivated by the suffering of his father, who had severe arthritis, and could not tolerate salicylic acid.
Bayer gave the name A-spirin to the new preparation, from acetylation (A-), together with spirin, part of the name for meadowsweet (Spiraea ulmaria), a plant rich in salicylates. Bayer patented the name and commenced to market the product in 1899. It was a huge success and sales grew rapidly. In fact, the company set up by Friedrich Bayer & Company is reckoned to have been the first pharmaceutical company, and the production of aspirin is generally accepted to have laid the foundation of the modern pharmaceutical industry.
Aspirin was accepted widely with great enthusiasm, and it was soon recommended in the medical press for use with fever, migraine, the pain of inoperable cancer, rheumatoid arthritis, gout, rheumatic fever, acute tonsillitis, corns and warts 3 . In 1997, the National Library of Medicine listed over 23,000 papers on aspirin, and it has been estimated that currently a paper on aspirin is published on average every two hours! he described pseudo-podia and the adherence of platelets to fibrin when stimulated 5 .
Nevertheless, the role of platelets and their part in thrombosis was long debated and it was not until perhaps the late 1950s that there was general agreement about their role in coronary and other thrombotic processes. Since then a vast amount of work has led to the present understanding of platelet function. Early papers of particular relevance were published in 1974 by Haerem 6 , who showed that tiny platelet emboli could often be found in the coronary micro-circulation in cases of sudden death in which there was no major coronary thrombus, and in 1984 by Michael Davies, who showed that a platelet plug could be found at the head of almost every thrombus in the coronary vessels 7 .
Aspirin and platelet activity
An effect of aspirin on platelets was first described by Morris in 1967 8 . O'Brien and others immediately took this up and showed that reductions in the dose of aspirin down to quite low levels lost none of the platelet anti-aggregant effects, and that the effect of a single dose of aspirin is detectable on platelet aggregation for about ten days -that is, until all the affected platelets have been replaced 9, 10 .
Aspirin, even at very low doses, affects platelet function primarily by inhibiting platelet cyclo-oxygenase, an enzyme involved in the formation of the aggregating agent thromboxane A 2 . In fact, aspirin has other effects on haemostatic mechanisms, some of which are due to interference with vitamin K in the hepatic synthesis of the coagulation factors VII, IX and X 11 . These may add to its protective effect.
Aspirin and coronary thrombosis
The first randomised controlled trial of aspirin in the prevention of vascular events was reported in 1974 12 , and to date over 145 randomised controlled trials of aspirin in vascular disease have been reported in the medical press. These have involved a total of over 100,000 patients, amongst whom there were almost 11,000 heart attacks and strokes 13 . These trials have established aspirin, used in cardiovascular disease, as the most thoroughly tested drug and have shown it to be probably the most costeffective of all drugs used in clinical practice today.
The results of these trials have been examined in a number of overviews. These show a remarkable consistency and indicate that aspirin reduces the incidence of non-fatal vascular events by between 30 and 40% and reduces deaths from all causes by around 20% (Table 1 ). The consistency in the results offers no evidence of any important differences in the proportionate benefit for patients with a variety of previous clinical conditions such as unstable angina, previous MI or stroke, peripheral vascular disease and artery and valve surgery ( Table 2) . Nor is there any evidence of significant heterogeneity in the reduction achieved by aspirin in different groups of patients such as male and female, older and younger, diabetic and non-diabetic etc.
Of course there are failures and some patients experience a vascular event despite aspirin prophylaxis. Some of these failures are undoubtedly due to poor compliance. Compliance was assessed in the Physicians' Health Study, in which aspirin was to be taken on alternate days. Subjects who took aspirin on every recommended day experienced a 51% reduction in vascular events, whereas those who took aspirin on less than half the days recommended showed only a 17% reduction 14 . Furthermore, an MI which occurs in a patient taking aspirin is likely to be of the small, non Q-wave variety 15 . 
Aspirin and stroke
The use of aspirin in the prevention of stroke appears to be in line with MI prevention both in the degree of protection and in the dose that is appropriate 13, 16 . Differential diagnosis between an ischaemic lesion and cerebral haemorrhage is of course impossible on clinical grounds alone. If computerised tomography (CT) can be performed and if this indicates an ischaemic lesion, aspirin should be given as early as possible; but if haemorrhage is demonstrated, then aspirin should be withheld during the acute phase of the lesion.
The question naturally arises as to the advisability of aspirin prophylaxis in the acute phase of a stroke if CT cannot be performed. The results of the Chinese trial (CAST) 17 and the International Stroke Trial (IST) 18 indicate that if aspirin is given in the acute phase it prevents 8-10 deaths during the first month -a reduction that is 'modest but worthwhile' 19 .
A stroke in a patient with atrial fibrillation is likely to be embolic in origin. If such a stroke is suspected then anticoagulation, rather than aspirin, is the treatment of choice. Nevertheless, if facilities for monitoring are not adequate and it is decided not to use anticoagulants, aspirin should certainly be included in the management of patients with AF 20 .
Aspirin prophylaxis in diabetic patients
An analysis of diabetic patients within the ISIS-2 trial claimed that they derived no benefit from aspirin. The group which had conducted the ISIS-2 trial replied: 'Neither did patients born under the astrological signs of Gemini and Libra'! In other words, the analyses of subgroups of patients within a trial is fraught with uncertainties. In this particular case, a major overview showed no evidence of heterogeneity in the results within diabetic and non-diabetic patient groups 13 .
Aspirin and venous thrombosis
A recent trial based upon over 13,000 surgical patients demonstrated benefit from low-dose aspirin, with a reduction of 43% in pulmonary embolism and 36% in deep vein thrombosis 21 . Unfortunately this trial was not factorial and so no comparison can be made with prevention with anticoagulants.
Aspirin and 'primary' prevention
Can aspirin be used to prevent vascular events in subjects who have not already had an MI, stroke or other vascular event, that is, so-called primary prevention?
The trial of 22,071 American physicians who were given 325mg aspirin on alternate days showed a relative reduction by aspirin of 44% in the incidence of non-fatal myocardial infarction 22 . On the other hand, 5,139 healthy British doctors, half of whom were given 500mg aspirin per day for six years, gave no evidence of protection 23 . Subsequent analyses of the complete results from both trials indicate a significant reduction in nonfatal infarction by aspirin of 33% and a non-significant reduction of all vascular deaths of 10% 13, 22 .
The Thrombosis Prevention Trial 24 examined this situation further in over 5,000 men who had not had a vascular event but were judged clinically to be at increased risk of infarction. A relative reduction by aspirin of 32% non-fatal events and 20% deaths was found. A Swedish trial based upon patients with angina pectoris 25 showed a relative reduction of 34% by aspirin in men who had not had a vascular event.
The terms 'primary' and 'secondary' relate to the past history of a patient, and not to future risk. They are therefore misleading and the concept of 'primary' prevention is not necessarily in the best interests of patients. In relation to the risk of a future event, subjects simply form a continuum ranging from those at exceedingly low risk, such as younger healthy subjects, to patients who have recently had an MI. Between these extremes are subjects at risk because of age, smoking, raised cholesterol, hypertension etc. Figure 1 displays this continuum. Aspirin reduces the risk of a future vascular event by about one third right across the continuum. On the other hand, the average risk of undesirable side effects is constant in all subjects, whatever their vascular risk. Clearly, the balance between reduction of events and undesirable side effects is highly in favour of aspirin prophylaxis at the high-risk end of the continuum, but whether or not aspirin is recommended at lower levels of risk is a clinical decision, taking into account the likely risk of a future vascular event and the likely occurrence of serious side effects from the aspirin. The occurrence of a past event is only one element in this judgement.
Recently a re-analysis of sub-groups of patients within The Thrombosis Prevention Trial 24 suggested that those with raised blood pressure may not benefit from low-dose aspirin. As the authors admit, however, results from post hoc subgroup analyses are highly suspect and this result is best regarded as a hypothesis requiring testing, rather than a guide for clinical practice.
'Early' and 'immediate' aspirin
'Early' aspirin: that is, aspirin given by a doctor or paramedic on first contact with a patient who has chest pain and is judged possibly to be experiencing an MI, is now accepted clinical practice in most Western countries.
An extension of this measure would be for patients who are judged to be at high risk of infarction to be advised to carry their own aspirin and chew and swallow one or two tablets immediately they experience severe chest pain. This has been recommended 26 and would certainly seem to represent a reasonable and simple extension of present practice for a number of reasons:
Mortality during and immediately after infarction is high and rapidly decreases with time. The earlier aspirin is given the greater the savings in death and disability are likely to be.
Early aspirin may limit the growth of a developing thrombus. Furthermore, platelet emboli have been found within the coronary circulation in subjects who have died suddenly 6 and it is possible that aspirin, taken very early, may lead to the disaggregation of these emboli.
The occurrence of myocardial infarction peaks between about 04.00 and 10.00 hours and this coincides with an increased sensitivity of platelets to aggregating agents 27 . The readiness with which a patient is likely to call a doctor, and the availability of help, is probably less during these hours than later in the day. It is also of interest that in the US Physicians' Trial it was found that the reduction in myocardial infarction by aspirin was significantly greater during the early morning (59%) than during the rest of the day (34%) 28 .
Most patients in whom an infarct is proven will go on to receive thrombolytic therapy. There is a marked increase in platelet activity after thrombolysis followed by an excess in re-infarction. This is abolished by prior treatment with aspirin 29 .
If therefore a person is judged to be at increased risk because of raised levels of any of the risk factors for cardiovascular disease -age, smoking, blood pressure, cholesterol level etc -then advice about 'immediate' aspirin should be considered; a 'loading dose' of 300-600mg of soluble aspirin has been recommended 30 . Even patients who are already taking daily low-dose aspirin should be advised to carry a few tablets of soluble aspirin. The half-life of aspirin in the circulation is only about 30 minutes and if a thrombus develops despite daily exposure to aspirin, then some sensitive platelets which have not been acted upon by aspirin have probably come into the circulation. An extra flush of 300mg aspirin taken in addition to a daily dose of perhaps 100mg could therefore be life saving and is unlikely to do any harm, as such patients will have already been screened for intolerance to aspirin.
The dose of aspirin for prophylaxis
There is little evidence that the degree of protection in long-term prophylaxis is any different with doses between about 75 and 300mg. The WHO recommendation for 100mg daily is therefore most reasonable.
The formulation of aspirin seems to matter little. There is however evidence that the absorption from enteric coated tablets may be low if taken with food. Furthermore, absorption is not only greatly delayed but some elderly subjects may absorb very little of the drug from such preparations. At the same time, some large and successful trials have been based on these formulations and they are clearly effective in the majority of subjects.
The aim of 'early' and 'immediate' aspirin is to get the drug into the circulation as quickly as possible. Soluble aspirin, and at least 300mg, should therefore be used 30 . Significant quantities of aspirin have been detected in the plasma within a few minutes of the ingestion of soluble aspirin, together with a total inhibition of aggregation, again within minutes 31 . If a soluble preparation is not available, one or two tablets of standard aspirin should be chewed and swallowed; but clearly, coated tablets are unsuitable for immediate or early use.
Side-effects of low-dose aspirin
Gastric irritation and increased occult blood are dose related and while evidence from trials suggests that the relative risks of gastric irritation and intestinal bleeding are increased by 50 to 100%, the absolute risk of these symptoms with continuing lowdose aspirin is only a little higher than that which occurs with placebo tablets. The excess of clinically significant blood loss is probably only one or two in every hundred subjects on low-dose prophylaxis.
Concerns have been expressed regarding the increased risk of cerebral haemorrhage -in particular, during aspirin prophylaxis following stroke. Overviews of trials show, however, that the number of cerebral bleeding events that might be attributed to aspirin is very small (and despite the huge numbers in the overviews, the excess is technically not statistically significant). Even in the acute phase of a stroke, the absolute number of bleeds is very considerably exceeded by the numbers of events prevented by aspirin 19 .
Relative and absolute reductions
The relative, or proportionate reduction of events in aspirin trials conducted in post MI patients is about one third: that is, a reduction in incidence from perhaps 12% in the year following infarction to perhaps 8%. The absolute number of events prevented, however, is only around 4 per year in every hundred, while the other 96 patients are exposed to the costs and the side effects of the aspirin. While the relative reduction in incident events appears to be very closely similar in subjects at all levels of risk, the absolute reduction in these will depend upon the basic risk of a vascular event within each group, and the following general conclusions seem appropriate:
Consider aspirin

HIGH RISK patients with a recent vascular event
of every thousand post-MI or post-stroke patients put on aspirin, about 40 will avoid a thrombotic event each year. One or two may experience a serious bleed requiring transfusion. Perhaps about 5% will experience minor side effects.
of every thousand subjects with evidence of increased cardiovascular risk (older and/or smoking and/or raised blood pressure and/or raised cholesterol level etc), perhaps 10 to 30 subjects, depending on their level of risk, will avoid a thrombosis if put on aspirin, while one or two may experience a serious bleed, requiring transfusion. of every thousand healthy subjects, with no clinical evidence of increased cardiovascular risk, perhaps one or two will avoid a thrombosis if put on aspirin, while one or two may experience a serious bleed.
Alternatives to aspirin
Low-dose aspirin is inappropriate for about 8-10% of subjects.
If it causes gastric irritation or other mild symptoms entericcoated tablets should be tried. However, it is contra-indicated if there is a history of sensitivity or peptic ulceration and in such cases an alternative to aspirin should be considered. These are all much more expensive, and are not without side effects.
Dipyridamole appears to give no additional benefit if given along with aspirin, and is an inadequate substitute for aspirin 32 . Ticlopidine: a reduction in vascular events similar in magnitude to aspirin has been demonstrated, but the drug causes severe neutropenia in almost 1% of patients 33 . It should therefore only be used if the facilities for white cell monitoring are adequate. Clopidogrel (Plavix): this derivative of ticlopidine gives just about the same benefit as aspirin 34 . It is therefore best reserved for use as an alternative to aspirin in the few patients who cannot tolerate aspirin in any formulation.
Anticoagulants: an overview of 26 RCTs with 73,000 subjects indicates protection of similar magnitude as aspirin, but an increased number of serious bleeding episodes. The general conclusion by the authors is that the addition of anticoagulants to aspirin is not justified 35 . IIb IIIa inhibitors: these have been shown to be of benefit when added to aspirin, but they are as yet only suitable for use in the acute phase of infarction 36 .
Cost/effectiveness of aspirin
When used to reduce cardiovascular risk, aspirin is the most cost-effective of all drugs available at present in clinical practice.
During the year or two after a myocardial infarction or a stroke, the cost of treating about 40 patients to prevent one vascular event each year is only about £80. This contrasts somewhat with around £8,500 for each event prevented by clopidogrel, and around £12-17,500 for cholesterol lowering with a statin 37 . It must however be emphasised that aspirin is not in competition with other drugs, nor is it an alternative to other therapies. Thus hypertension, raised cholesterol level etc should be treated, but in these and any situations in which there is evidence of an increased risk of a vascular event, long-term low-dose aspirin prophylaxis should also be given, unless contra-indicated.
The future of aspirin
When used in vascular disease aspirin has become the victim of its own success. The cost benefit of aspirin prophylaxis is so well established and so attractive that further placebo-controlled trials are neither acceptable nor necessary in vascular disease. At the same time, concern has repeatedly been expressed that, despite convincing evidence of its effectiveness, the knowledge of the benefits of aspirin and its use by doctors is much less than desirable. Everything possible should therefore be done to promote aspirin prophylaxis in appropriate subjects, and to achieve a high level of compliance in tablet taking 14 . Perhaps the most hopeful new use of aspirin is in cognitive decline and dementia. The most obvious cause of decline of cognition is a clinical stroke, but the less dramatic, and often undetected, process of 'multi-infarct dementia' is now well recognised. A reduction in cognitive decline through the prevention of these multi-infarct lesions by aspirin is therefore a reasonable expectation 38 . An anti-inflammatory effect of low-dose aspirin has been reported and this gives a possible biological basis for claims that anti-inflammatory drugs, including aspirin, may reduce progression in Alzheimer's disease. A number of observational studies, and one overview 39 , give supportive evidence. Perhaps the most exciting possible new use of aspirin is in colon and other cancers. Several major cohort studies and smaller studies have reported a substantial reduction in colon and other gastro-intestinal cancers in habitual aspirin takers 40 . A number of randomised controlled trials have been set up to examine this further.
